T he sensitivity of the urinalysis (UA) in young infants has been reported to be in the 75% to 85% range. [1] [2] [3] [4] This suboptimal sensitivity has prevented a widespread adoption of the UA as a true screening test for urinary tract infection (UTI). Although infants with a positive urine culture and a negative UA may have asymptomatic bacteriuria (AB) or contamination, [5] [6] [7] they are often treated for UTI. Due to these concerns, the American Academy of Pediatrics (AAP) recommended in their 2011 UTI Practice Guidelines that UA criteria should be incorporated into the de nition of UTI. 1 However, these guidelines were intended for the 2-24 month age range, leaving a gap in our understanding of the appropriate management of infants <2 months. It is unknown how UA results in uence the current management of UTI in young, febrile infants. Using data from a large, nationally representative quality improvement project surrounding the management of febrile infants, this investigation aimed to examine how frequently infants are treated for UTI despite having normal UAs and to determine whether infant and hospital characteristics are different in infants treated for UTI with a positive UA as compared to those treated for UTI with a negative UA.
METHODS

Subjects and Setting
This is a secondary analysis of the AAP's Reducing Excessive Variability in the Infant Sepsis Evaluation (REVISE) project that involved 20,570 well-appearing infants 7-60 days of age evaluated in the emergency department and/or inpatient setting for fever ≥38•C without a source between September 2015 and November 2017 at 124 community-and university-based hospitals in the United States. Data were collected via chart review and entered into a standardized tool for the project. This project was deemed exempt by the AAP Institutional Review Board. Because all data were de-identi ed, some sites did not require Institutional Review Board approval while others required data sharing agreements.
Variables and De nitions
A positive UA was de ned as having any leukocyte esterase, positive nitrites, or >5 white blood cells (WBCs) per high power eld. Treatment for UTI was de ned using the question "Did the urine culture grow an organism that was treated as a pathogen with a full course of antibiotics?" Subjects treated for meningitis or bacteremia were excluded in order to focus on uncomplicated UTI. "Abnormal in ammatory markers" were de ned as having a WBC count <5,000 or >15,000 cells/mm 3 , an absolute band count ≥ 1,500 cells/mm 3 , a band to neutrophil ratio of >0. marker," CSF gram stain was included in this composite variable because in the rare cases that it is positive, the result would likely in uence risk strati cation and immediate management. Infants' ages were categorized as either 7-30 days or 31-60 days. Hospital length-of-stay (LOS) was recorded to the nearest hour and infants who were not hospitalized were assigned a LOS of 0 hours. Hospital characteristics were determined through a survey completed by site leads.
Statistics
Proportions were compared using chi-square test. We used multilevel mixed-effects logistic regression to determine associations between patients and hospital characteristics and UA-positivity in subjects treated for UTI. We accounted for the hospital clustering effect with a random effect that did not vary with patient characteristics. We "marginalized" the regression coef cients to re ect the average effect across hospitals. 8, 9 We .002
a Mixed-effects model was used to adjust for clustering by site. Due to missing in ammatory marker data for 84 (3.7% of 2,298) children, the adjusted odds ratios were generated from 2,214 children.
b Referent odds for a 31 to 60-day old girl without elevated in ammatory markers or respiratory symptoms, who was cared for in an urban, university-af liated hospital in the south with an annual volume of less than 50 febrile infants was 0.15 (95% CI 0.06 to 0.35). De ned as white blood cell count < 5,000 or >15,000 cells/mm 3 ; cerebrospinal uid white blood cell count >8/mm3; positive cerebrospinal uid gram stain; or elevated C-reactive protein or procalcitonin per institutional range. In ammatory markers were missing for 17 (5.0%) children with UA-negative UTI and 67 (3.4%) children with UA-positive UTI (P-value = 0.14 for difference in proportion).
Abbreviations: aOR, adjusted odds ratio; UA, urinalysis; UTI, urinary tract infection.
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RESULTS
A total of 20,570 infants from 124 hospitals were enrolled in the REVISE project, and 648 (3.2%) were treated for bacteremia and/or meningitis. Of the remaining 19,922 infants, 2,407 (12.1%) were treated for UTI, of whom 2,298 (95.5%) had an initial UA performed. Urine cultures were obtained by catheterization or suprapubic aspirate in 90.3% and "other/unknown" in 9.7% of these 2,298 subjects. UAs were negative in 337/2,298 (14.7%) treated subjects. UA-negative subjects were more likely to be 7-30 days old (adjusted odds ratio [aOR] 1.3, 95% CI 1.02-1.7) and have upper respiratory symptoms (aOR 1.7, 95% CI 1.3-2.3) and were less likely to have abnormal in ammatory markers (aOR 0.3, 95% CI 0.3-0.4) than UA+ subjects (Table) . Even after accounting for the hospital characteristics depicted in the Table, treatment of UA-negative UTI was affected by the hospital (P < .001), and the intraclass correlation coef cient was 6% (95% CI, 3% to 14%). The Figure illustrates substantial site variability in the proportion of infants treated for UTIs that were UA-negative, ranging from 0% to 35% in hospitals with ≥20 UTI cases.
There was no signi cant difference in the proportion of catheterized specimens in infants treated for UTIs with negative versus positive UAs (90% vs 92%, P = .26). The median hospital (interquartile range) LOS in infants treated for UTI with positive UAs was 58 (45-78) hours, compared to 54 (38-76) hours in infants treated for UTI with negative UAs and 34 (0-49) hours in infants who were not treated for UTI, meningitis, or bacteremia.
DISCUSSION
In this large, nationally representative sample of febrile infants 7-60 days of age, we demonstrate that nearly 15% of young febrile infants who are treated for UTIs have normal UAs. This proportion varied considerably among hospitals, suggesting that there are institutional differences in the approach to the UA. Infants treated for UA-negative UTIs were more likely to have respiratory symptoms and less likely to have abnormal inammatory markers than infants treated for UA-positive UTIs, indicating that these infants are either developing a milder inammatory response to their underlying illness and/or might not have true UTIs (eg due to AB or contamination).
The AAP recently updated their UTI practice parameter to recommend inclusion of UA results as diagnostic criteria for UTI. 1 However, the fact that these guidelines do not include infants <2 months creates a gap in our understanding of the appropriate diagnostic criteria in this age group, as re ected by the site variability demonstrated in our investigation. The fact that up to 35% of infants treated for UTI at these different sites have normal UAs suggests that many practitioners continue to treat positive urine cultures regardless of UA values.
Several prior studies provide insight into the clinical signicance of a positive urine culture in the absence of pyuria. Wettergren et al. 6, 7, 10 reported growth from suprapubic aspirate in 1.4% of infants who were screened periodically with urine cultures obtained by bag at well-child checks over the course of the rst year (with a point prevalence as high as 1.5% in boys aged 0.25 to 1.9 months). 10 These infants were not more likely to have subsequent UTIs 7 or renal damage 6 than infants without asymptomatic growth, leading the authors to conclude that this growth likely represented AB. These ndings empha- size that the probability of a positive urine culture in any infant, even asymptomatic infants, is not insigni cant.
Hoberman et al. 11 demonstrated that dimercaptosuccinic acid scans did not reveal signs of pyelonephritis in 14/15 children < 2 years of age with urine cultures growing >50,000 CFU/ mL but no pyuria on UA, and concluded that AB was the most likely explanation for this combination of ndings. Schroeder et al. 5 and Tzimenatos et al. 12 examined infants <2-3 months with UTI and bacteremia caused by the same organism (and hence a true infection that cannot be explained by AB or contamination) and demonstrated that the UA sensitivity in this population was 99.5% and 100%, respectively, suggesting that the prior lower estimates of UA sensitivity in UTI in general, may have been biased by inclusion of positive urine cultures that did not represent UTI.
On the other hand, Shaikh et al. 13 recently demonstrated that the sensitivity of the UA appears to vary by organism, with lower reported sensitivity in non-Escherichia coli organisms, leading the authors to conclude that this variability is evidence of suboptimal UA sensitivity. However, an alternative explanation for their ndings is that non-E coli organisms may be more likely to cause AB or contamination.
14 The fact that follow-up suprapubic aspirates on infants with untreated catheterized cultures yielding these organisms are often negative supports this alternative explanation. 15 The median LOS in infants with UA-negative UTI was nearly one day longer than infants not treated for serious bacterial infection. These infants may have also undergone urinary imaging and possibly prophylactic antibiotics, indicating high resource burden created by this subgroup of infants. Expanding AAP UTI guidelines to infants <2 months of age would likely reduce resource utilization, but continued research is needed to assess the safety of this approach. Young infants have immature immune systems and may not develop a timely in ammatory response to UTI, which raises concerns about missing bacterial infections.
Our investigation has several strengths, including the large, nationally representative sample that includes both children's and non-children's hospitals. Similar febrile infant investigations of this size have previously been possible only using administrative databases, but our investigation required chart review for all enrolled infants, ensuring that the subjects were febrile, well-appearing, and were treated for UTI. However, our ndings are limited in that data were collected primarily as part of a quality improvement initiative, and some of our thresholds for "abnormal" laboratory values might be controversial. For example, urine WBC thresholds differ across studies, and our CSF WBC threshold of >8/mm 3 may be somewhat low given prior reports that values slightly above this threshold might be normal in infants under one month of age. 16 The original intent of the in ammatory marker composite variable was to aid in risk strati cation, but we were unable to collect granular data for all potentially relevant variables. In planning the REVISE project, we attempted to create straightforward, unambiguous variables to facilitate the anticipated high volume of chart reviews. Although patients categorized as having UTI might not have had true UTIs, by linking the "UTI" variable to practitioner management (rather than UA and microbiologic denitions), our data re ect real-world practice.
